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LUBRICATION OF THE NON·FLOODED ROTARY
SLIDING VANE COMPRESSOR

Leonard Basaj P.E.
Allis-Ch almers Corporat ion, Milwaukee, Wisconsi n

There is a great number of various types of compressors presentl y availabl e. The vacuum pumps,
otherwis e called vacuum compress ors, are automati cally included , since they differ from compress ors
by name and the operatin g pressure level only.
The lubricat ion requirem ents are obviousl y different for each type, since in some types the
lubrican t is recircul ated, in others it leaves the
compress or with the discharg e gas, and in others
still, it serves a dual purpose of lubricat ion and
cooling. This discussi on will, therefor e, be
limited to the non-floo ded rotary sliding vane compressor type.
The rotary sliding vane compress or consists of a
horizon tal cylinder with an eccentri c rotor having
a series of radial slots fitted with vanes or
blades and cylinder heads with antifric tion bearings and shaft seals. The cylinder and heads are
usually made of cast iron and have water jackets
for cooling. This is the basic design. Variants
may have no water jacket, inclined rather than
radial blades, oil flooding , etc.

of the rotor. The third area requ~r~ng lubrication is the bearings , usually of the straight
roller type.
The two contact areas on the blade appear to have
some conditio ns required to form an oil film,
namely a wedge-sh aped converge nce of two surfaces ,
one or both of them curved. However, unlike a
sleeve bearing, the rotor blade cannot develop
and maintain an oil film basicall y due to a line
contact which has no area, hence is unable to
support a load. Actually the contact is somewhat
wider than a line, but with a variable contact
pressure distribu tion and far too small an area
for the oil film to support loads in excess of
100 lbs. per inch of blade length, both on the
side and the tip of the blade. Possible1 thermal
distortio ns of the cylinder , eventual wear patterns on the cylinder and the reciproc ating
motion of the blade with respect to the rotor are
addition al factors renderin g the formatio n of an
oil film i~ssible.
on the non-floo d lubricat ed rotary the lubrican t
is pumped by a force feed lubricat or having an
adjustab le capacity (in drops per minute)
· through tubing lines to several drilled openings
, in the side of the cylinder and to each bearing.
In the bearing cavity a small pool of oil is
maintain ed in which the rolling elements are
' dipped as they rotate. The excess is forced
through a piston ring type seal (not a tight seal)
into the cylinder as more oil is added to the
bearing cavity.

In operatio n the centrifu gal force, acting on the
blades due to the rotation of the rotor, forces
the blades radially outward to continuo usly contact the cylinder bore and form closed pockets or
cells filled with air or gas when open to the
inlet port during the (nearly) half of revoluti on
on the inlet side of the cylinder . During the
second half of revoluti on a cell moves toward the
discha~ge port while its volume decrease s due
to
the progress ively diminish ing space between the
cylinder and rotor. Thus a blade is subjecte d to
a pressure differen tial between its precedin g cell
at a higher pressure and the followin g cell at a
lower pressure . This pressure differen tial causes
the blade to rub against the outer corner of the
rotor slot as it slides in and out of the slot.
The corner of the slot is dressed to a composit e
curve, but the contact with the blade is essentially a line, widened only slightly when the
blade wears a concave curvatur e on its side. The
"tip" of the blade on its long edge in contact
with the cylinder wall also assumes a composit e
convex curvatur e generate d by rubbing against the
cylinder bore at an angle that varies with angular
position , from approxim ately +10° to -10° with
respect to the normal line, due to eccentri city

In the cylinder the oil is spread by the blades
over the inner surfaces . The cylinder is made
of cast iron mainly because of its inherent surface "porosit y" or roughnee s caused by the graphite flakes. This roughnes s gives the surface
certain oil retentio n qualitie s, thus providin g
for more uniform wetting ·by the oil and prevents
the surface from being wiped dry by the blades.
Since the formatio n of a continuo us oil film
between the parts in relative motion is not possible, there is substan tial friction between the
blades and cylinder wall. Friction generate s
heat. The portion of the heat imparted to the
cylinder wall is transmit ted to the water jacket.
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especially the anti-oxidants and anti-wear additives. Other desirable properties are a high
flash point and a low pour point. For outdoor
locations or outdoor air intake in cold weather
a corresponding ly lower viscosity oil should be
used than specified for warm weather periods.

The remainder is absorbed by the blade. For·this
reason the blades are made of composite plastic
materials having low coefficients of friction and
good resistance to abrasion. These materials are
poor heat conductors and, therefore, the rubbing
tip of the blade is subjected to localized temperatures higher than those of other parts or the
gas being compressed. The lubricant in contact
with the rubbing portions of the blade is also
subjected to these higher temperatures.

REFRIGERATION SERVICE:
Most oil suppliers have a special group of
products for this service. These oils are usually
of napthenic stock to have low pour and wax haze
points and a minimum of additives, usually only
an anti-oxidant. The oil must have proper viscosity for the operating temperature, i.e. SAE 20
grade below 230°F and SAE 30 for discharge temperatures of 230 to 300°F. The higher viscosity
SAE 30 oil has a higher pour point and is more
difficult to separate from the refrigerant. It
is, therefore, usually avoided by the operating
personnel at any cost. The cost often is, however,
accelerated internal wear and poSsible damage to
the compressor.

Elevated temperatures have an adverse effect on
petroleum oils, causing them to break down and
form carbon and varnish deposits. In the case of
an air compressor the air at elevated temperatures
(approximately 350°F) tends to oxidize the oil.
The atmospheric humidity condensed in the intercooler (on two-stage compressors) tends to wash
out the oil, emulsify it and thus change its
properties and possibly react with some of the
additives. In the case of a gas compressor, some
of the heavy hydrocarbons may condense into liquids
in proximity of the cooling water jackets and
dilute the oil. This dilution is especially
serious in the bearing cavities where the oil
dwells for a longer time than in the cylinder.
Being diluted, it no longer has the proper viscosity for sufficient lubrication. In other cases,
the gas may be acidic in nature or the intake air
may be laden with acid fumes or other pollutants
defying simple filtration.

WET SERVICE:
Steam condenser, pump pr~~ng and rotary filter
service vacuum pumps are in this group as well as
two-stage compressors in localities with high
atmospheric humidity. Here the detergent oil,
as for air service, is the best choice. Where
discharge temperatures are continuously below
250°F a non-detergent oil may be used, but it
must be "polar compounded". This gives the oil
improved wetting qualities of the lubricated surfaces in presence of moisture.

These then are some of the conditions under which
oil must provide lubrication in a rotary compressor. The above should also serve to indicate
why the oil may not be reclaimed and reused having been subjected to high temperatures and moisture. It is also evident that under these varying
conditions it is not practical to develop a
general rule for the quantity of lubricant to be
used. The manufacturer's recommendation s should,
therefore, be followed closely.

CORROSIVE AND ACIDIC GAS SERVICE:
Since this group covers a great variety of chemically active gases and vapors, only a limited
generalization ·can be made. In thiS service the
gases may be corrosive to the materials of construction as well as render the oil acidic.
Therefore, the beating cavities, where the oil
remains for a longer time than in the cylinder,
should be sealed against circuiation of the gas
through them, to protect the bearings from corrosion. Small quantities of corrosive components
of the gas handled can be successfully coped with
by a highly detergent oil which meetS or exceeds
MIL-L-2104B specifications . Lubrication for
highly corrosive applications must be recommended
individually by the compressor manufacturer.

GENERAL RECOMMENDATIONS:
To provide lubrication, the oil must have suitable
formulation for a particular application and correct viscosity at the operating temperature. For
non-flooded rotary compressors, in cases where
the oil is not affected by the gas or vapors
handled, the viscosity should be approximately 4o
to 50 SSU AT THE OPERATING TEMPERATURE which is
considered to be the gas discharge temperature.
Napthenic base oil is preferred due to formation
of less abrasive carbon deposits, if any.

HYDROCARBON GAS SERVICE:

The various compressor gas applications may be
grouped according to similarity of conditions and
thus the oil formulation may be generalized to a
degree.

In this group are various refiner,r and oil field
applications, storage tank vapor recovery, chemical plant service, etc. Fot natural gas, butane
and light simple hydrocarbons, a detergent oil
is used. Pentane and heavier hydrocarbons have
relatively high boiling poing temperatures which
can cause them to condense in contact with water
cooled cylinders, especially in the bearing cavities. This condensate mixes with the oil and
dilutes it. Therefore, a heavier (higher viscosity) oil than warranted by the operating temperature should be used, i.e. SAE 40 where SAE 30

AIR:
Generally a detergent type oil should be used, at
least meeting or exceeding the MIL-L-2104A, Supplement 1 specifications . The detergent additives
are required to dissolve and scrub out any carbonized or varnished oil deposits caused by high
temperature. other additives are desirable,
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would normal ly suffic e. For such cases the compresso r should also have provis ions to reduce the
circul ation of gas throug h the bearin g cavitie s.
Heavy hydroc arbons also have low K-valu es (ratio
of specif ic heats) . Conseq uently, the discha rge
temper atures are not very high and for handlin g
simple paraff ins the oil need not have deterg ent
additiv es. But in the case of sour gases, with
signif icant concen tration s of hydrog en sulfid e,
sulphu r dioxid e or mercap tans, and in the case of
mixtur es other than simple formul a gases, particularly the polyme rizing variet ies, the deterg ent
oil is a must, to counte ract the acids or to dissolve and remove the hard, abrasiv e produc ts of
polym erizati on.
SYNTHETIC LUBRICANTS:
There is at the presen t time a consid erable assort ment of synthe tic lubrica nts availa ble, such as
phosph ate esters , haloge nated ethylen es and ethers ,
glycol s and fluoro silicon es. Their main use is
as hydrau lic fluids to minimi ze fire hazard . They
are also used as compre ssor lubrica nts (must have
proper viscos ity), to minimi ze fire and eXplos ion
hazard s, provid ed, they are not object ionabl e
from the standp oint of proces s gas contam ination .
Higher cost is still a factor .
Some synthe tic oils are detrim ental to paint, gasket materi als or plastic parts, hence the compre ssor will usuall y requir e some prepar ation to convert from oil to a synthe tic lubric ant, as recommended by the manufa cturer. Genera lly, the
synthe tics may not be mixed with petrole um oils,
althoug h some are used as additiv es. Certai n
synthe tic lubric ants are used for compre ssor lubrication becaus e of their specif ic qualit ies such
as solubi lity in water for easier remova l from
compre ssed air in scrubb ers, clean burnin g in gas
turbine s (no carbon ization ), contro l of bacter ia
growth in compre ssor air system s in presen ce of
moistu re, etc.

ROTARY COMPRESSOR
LENGTHWISE SECTION

For a good lubric ation analys is the follow ing
inform ation should be ascerta ined and consid ered
in selecti on of the lubric ant.
1. •rhe discha rge pressu res of each stage. They
determ ine the discha rge temper ature.
2. Type of gas handle d, ita degree of purity ,
amount of contam inants, if any.
3. Humidi ty and season al temper atures in case of
air.
4. Whether outdoo r locatio n is in cold climat e.
A heater may be needed in the lubric ator.
5. Chances of conden sation of the gas handle d
within the compre ssor or interco oler.
6. Chances of liquid spillov er into the compressor (a typica l problem in refrige ration and
petroch emical service }.
7. Changes in the saa handle d due to increa se in
temper ature or pressu re (such as polyme rization of butadi ene).
8. Anythi~ elae that JUY mix, react with or
affect the lubric ant.
Althou gh the above groupin g or service makes it
possib le to determ ine the genera l charac teristi cs
of the lubric ant, each individ ual applic ation may
have many of its own, appare ntly insign ifican t
circum stances which may affect the choice of
lubric ant. It is, theref ore, most import ant to
make them known to the compre ssor manufa cturer so
that the correc t lubric ant may be specif ied for
troubl e-free operat ion.

ROTARY COMPRESSOR
CROSS SECTION
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